Mass mortalities of sevenband grouper Epinephelus septemfasciatus reared in Oita Prefecture were investigated. The outbreaks of the disease occurred in summer seasons (July to October; water characterized by upside down swimming and inflation of swimbladder. Histopathologically, necrosis and vacuolation in the central nervous tissues and retina were observed. Although bacteria or parasites associated with the disease were not detected from affected fish and no CPE was observed on RTG-2, BF -2, and EPC cell lines, spherical virus particles, 28 nm in diameter, were found abundantly in the cytoplasm of affected nerve cells of most of the affected fish. The virus was identified as a fish nodavirus (nervous necrosis virus), based on the results of fluorescent antibody technique test with anti-SJNNV rabbit serum and polymerase chain reaction test with primers for amplification of SJNNV coat protein gene. These results suggest that the mortalities of sevenband grouper were at least partly due to viral nervous necrosis (VNN). This is the first report describing VNN of sevenband grouper and the first case of VNN in the adult fish.
Marine aquaculture industry has highly developed in Japan, and various marine fish and shellfish species are marked as new target species for aquaculture. However, mass mortalities due to infectious diseases have often occurred in these newly introduced spe cies as well as in fish with long-termed culture history such as yellowtail Seriola quinqueradiata, red sea bream Pagrus major, and Japanese flounder Paral ichthys olivaceus (Ishioka, 1992; Muroga, 1995) . Particularly, newly emerging viral diseases such as viral nervous necrosis (VNN) (Nakai et al., 1995) and red seabream iridovirus (RSIV) infection (Inouye et al., 1992) , both have already spread to a wide variety of cultured marine fish species, are causing very serious damages in the industry.
Sevenband grouper Epinephelus septemfasciatus has been cultured at several private fish farms in Oita Prefecture for these 10 years. However, during summer season mass mortalities due to an unknown cause have often been encountered in the cultured population of young and adult sevenband grouper since 1989. The affected fish float upside down around the surface of water and the mortality often reaches more than 50%.
In this study, diseased sevenband grouper collected during mass mortalities in Oita Prefecture in 1993 and 1994 were inves tigated epizootiologically and pathologically.
Materials and Methods

Fish examined
Four disease cases of sevenband grouper occurred in Oita Prefecture in 1993 (farm K) and 1994 (farm B, L, M) were examined. Fish floating upside down were sampled during each case and a total of 19 fish (170-1,850 g in body weight) was examined in this study. However, these vacuolation was not so intensive and dead nerve cells seemed to be replaced with astrocytes forming an astrocytic scar (Fig. 3) . No cytopathic effect was observed for 2 weeks in the fish cell lines inoculated with the filtrate of the kidney. Numerous round-shaped, unenveloped virus particles, about 28 nm in diameter, were observed in the cytoplasm of the degenerated nerve cells. The virus particles were distributed without forming crystalline-array arrangement but forming bounds of a membraneous structure (Fig. 4) . In FAT test using anti-SJNNV serum, positive reaction was observed in the nerve cells of retinal and brain tissues but the number of nerve cells showing positive-fluorescence was relatively few. About 430 bp products were detected from the eyes and brain by PCR using primers for amplification of SJNNV RNA2 gene.
Discussion
Three species of groupers, redspotted grouper (E. akaara), kelp grouper (E. moara) and sevenband grouper, have been cultured in Japan. The seed production techniques for the former two species have been developed, while seed of the last one still depends on the natural fish and a large amount of seed fish has been imported from foreign countries. Recently, a viral infection, viral nervous necrosis (VNN) caused by a nodavirus (Nodaviridae), was reported in larvae and juveniles of redspotted grouper (Mori et al., 1991) and kelp grouper as well as in other marine fishes. The VNN disease was characterized by abnormal swimming behavior such as a whirling or corkscrew motion, heavy vacuolation of the central nervous tissues, and spherical virus particles (25-30 nm in diameter) observed in the cytoplasm of affected nerve cells (Nakai et al., 1995) . In the present study, diseased sevenband grouper collected during mass mortalities in Oita Prefecture were investigated. The affected fish were characterized by upside down swimming behavior, swimblad- der inflation and degeneration of nervous tissues (necrosis and vacuolation). No parasites or bacteria associated with the disease were found, but small round-shaped virus particles were observed in the cytoplasm of affected nerve cells in the central ner vous tissues and retina. The virus was identified as a nodavirus (SJNNV; Mori et al., 1992) by FAT and PCR tests, though some of fish examined resulted in negative in these tests. Transmission experiments to fulfill the Koch's postulates were not carried out in the present study due to the lack of healthy seven band grouper available for the experiment. How ever, a preliminary transmission experiment using juvenile redspotted grouper demonstrated that the disease was produced by intramuscular injection with the filtrate of homogenized brain of diseased sevenband grouper. Affected redspotted grouper also showed upside down behavior (data not shown). These results suggest that the present mass mortali ties of sevenband grouper were associated with VNN. Sohn et al. (1991) found hexagonal or polygonal virus particles, 45-60 nm in diameter, in the liver cells of diseased sevenband grouper, which had clin ical pathology similar to the present case. They confirmed by intramuscular injection that the liver filtrate from diseased fish produced mortalities in healthy sevenband grouper. The differences in the size and localization of the virus and some clinical signs seem to indicate that the disease reported by Sohn et al. (1991) was not VNN.
As mentioned above, VNN disease has been re ported in many marine fish species in Japan and other countries, however, the reported disease out breaks have been restricted to their larval and juve nile stages so far. The causative agent of VNN, named as SJNNV, was detected from the gonads of adult striped jack Pseudocaranx dentex but not from the central nervous systems Mushiake et al., 1992) , and the infected or carrier adult fish are apparently healthy without showing any clinical signs. It was also reported that juvenile striped jack were resistant to experimental infection with SJNNV (Arimoto et al., 1993) and some of juvenile redspotted grouper experimentally infected with the virus recovered after showing diseased sign (Mori et al., 1991) . These results may suggest that 4 fish failed to detect the virus in the present case was in the convalescent stage. If sevenband grouper has also the age-dependence, there must have been a predisposing factor(s) which enabled the virus to invade into the central nervous system. As a possible predisposing factor, we suspected a higher rearing water temperature in summer season. The effect of rearing water temperature on the defence mecha nisms of sevenband grouper should be examined in further infection experiments.
